This document obtained and analyzed an exact solution of an ekpyrotic fluid (P = 5 3 µ) and a primordial magnetic field, so that the latter does not induce currents or electric fields. It is determined that the main role, in relation to the anisotropy in the solution, is played by the magnetic field. The solution is analyzed in points where, in appearance, some extent of singularity could exist, using the Kretschmann invariant and analyzing the metric's functions, and it is established that this is singular at t = 0. The value of the Kretschmann invariant, in these proximities, tends to be the same as the one obtained in the case of a free ekpyrotic fluid of the magnetic field; therefore, the magnetic field is left at the background when t → 0. It is determined that the solution presents this behavior in small time values, and tends to be isotropic and equivalent to the solution of the ekpyrotic fluid obtained for the flat model of Friedmann, Robertson, Walker and Lemaitre (FRWL); for big time values, it tends to behave as the Kasner LRS solution.
Introduction
The dynamism of cosmology has become stronger due to the data of the microwave background radiation obtained by the satellites COBE, WMAP and PLANCK, and the discovery of the acceleration of the universe [1, 2] ; there have existed some problems which have been discussed on [3] . The problem of the existence of cosmic magnetic fields in interstellar and intergalactic spaces is not new, it is actually a current issue [4] , [5] . The review of these fields produces values of [4] 1 − 3µG in structures of matter such as clusters and superclusters, and among those that appear to be a considerable value and a possible influence on several cosmic phenomena; for example, the radiation of the microwave background is of ∼ 3µG [6] . These and other problems are explained on [7] .
In relation to the established on [3, 7] , it is evident that it exists an interest to study cosmological models that represent the observations in a complete way; for example, homogeneous anisotropic models, heterogeneous isotropic models or heterogeneous anisotropic models. If the Universe was created with a primordial magnetic field, that nature forces to consider, at least, the anisotropic space in the process of determining a solution. Because of this, the current study analyzes a magnetic field and an ekpyrotic fluid with an anisotropic but homogeneous symmetry.
One example of the primordial magnetic field in an ideal fluid of a dark energy model has been analyzed on [7] , where is determined that the main role, in relation to the present anisotropy, in this solution is played by the magnetic field, and that the solution is free of singularities. Moreover, the solution, in long periods of time, presents a behavior which tends to be isotropic and equivalent to the solution of dark energy obtained in the flat model of Friedmann, Robertson, Walker y Lemaitre (FRWL). Ekpyrotic models and their cyclical extensions resolve the standard issues of plane, horizon and cosmologic homogeneity by offering a slow phase of contraction of the universe before the Big Bang [8] . On the other hand, it has been obtained that the non-linear state equation in an anisotropic space-time of Petrov D can occur because of different thermodynamic processes which the particles can suffer. Besides, there exists the chance of matter change so that after some time, it gets back to its initial state without completely reaching it, and the implication that the effective entropy does not grow; however, leaving space for an almost oscillatory state in which the change in the matter happens in a gradual way [9] .
The previous information, motivates to study other possible and similar scenarios with different fluid models. A possible scenario is the ekpyrotic fluid and a primordial magnetic field which does not induce to currents or electric fields; this scenario will be analyzed in the present study.
2 The Symmetry, Einstein Tensor, the Electromagnetic Field and an Ekpyrotic Fluid
The Symmetry and Einstein Tensor
The anisotropic symmetry of the Petrov D has been considered on [3] as follows
where F and K are functions of t.
The components of the Einstein's tensor [10] (1), are
where the points over the functions represent derivatives of time.
The Magnetic Field
The magnetic field is considered in this way because the only components of the tensor of the electromagnetic field [10] F µν different from zero are F 12 = −F 21 = B 0z = const, where it can be noticed that the invariant
is the magnitude of the effective magnetic field. The effective magnetic field does not generate currents or induced electric fields since the flow of the magnetic field Φ does not change with time
The choice of the field, in the given way, allows the compliance of field equations F µν ;µ = 0, besides the equality to zero of the divergence of the energy momentum tensor of the electromagnetic field em T µν ;µ = 0, where the tensor em T µν is the energy momentum tensor of the electromagnetic field, whose only components, different from zero, in em T µ ν , are
The Model of an Ekpyrotic Fluid
The model of an ekpyrotic fluid that can be considered a perfect fluid, and its energy momentum tensor has the pattern [10]
where T αβ is the energy momentum tensor of the perfect fluid, u α is the tetradimensional speed, g αβ the metric tensor, µ and P are respectively the energy density and the pressure of the fluid. It will be considered that u 1 = u 2 = u 3 = 0 and u 0 = 0. The ekpyrotic fluid model that will be studied has an state equation with the relation P = 5µ/3. The energy momentum tensor of the ekpyrotic fluid presents the following pattern 
Einstein's Equations and the Solution of the Model of the Magnetic Field and Ekpyrotic Fluid
Einstein equations present the form [10] (2-5, 7, 9) , it is obtained the following system of equations independent from each other
From the equation (10), it is obtained that
Considering (13) in (11) and (12), it is obtained that both equations satisfy each other
Before determining the solution of the equation (14), it is convenient to establish that if it is considered the magnetic field only, it does not have suitable solutions for the problem in investigation. If it is considered that (14) in α = 0, it is obtained that the equation solution is
and from (13),
From the solution (16), it is obtained that the function F is negative, void or complex; none of the previous possibilities correspond to a solution of a spacetime. Therefore, the solution with a magnetic field alone, with the form that has been considered, is not admissible in that symmetry (a similar situation is presented when considering a Zeldovich fluid (P = µ)). The found solution of the equation (14) follows the pattern
From (17), the function F in (13) can be expressed as
where A = 1 + 32 α t 4/3 B 0z 2 . It is noteworthy that if in the solutions (17) and (18) it is considered α = 0, these are undefined as a result of what was determined before.
Analysis of the Solution
In t = 0, the energy momentum tensor T β α is singular, as it is noticed when observing the last terms on the left in (10), (11), (12). The prior can also be determined and analyzed thanks to the Kretschmann invariant, which is defined as Krets = R µναβ R µναβ . The condition Krets < ∞ is necessary and sufficient [11] for the finitude of all the invariants of algebraic curvature, and with the form, for the metric (1),
(19) When considering (17) and (18) in (19), it is obtained that in the proximities with t → 0, the invariant Krets → 40α 2 / 27t 16/3 → ∞, corresponds with the analogous case [3] when the magnetic field is not present; therefore, the influence of the magnetic field in processes near singularity is negligible. The metric in this case tends to
where it is substituted t = 8 z, the prior agrees with the solution of the same fluid in a metric of a flat FRWL (k=0) with no magnetic field. As t grows, the magnetic field's influence increases as well and in larger times (t → ∞); the invariant Krets → 2 13 α 3 B 2 0z / (27t 4 ) → 0. For this limit the metric tends to
where it was substituted t = 2
0z . The solution (21) tends to be the one of the Kasner vacuum LRS.
Conclusions
In a mixture of an ekpyrotic fluid (P = 5 3 µ) and a magnetic field, for which the magnetic flow remains constant, and does not induce currents or electric fields, the magnetic field is decisive in terms of the anisotropy presented in the space, so that the space expands faster over the perpendicular plane to the magnetic field direction. The presence of the magnetic field is not significant in relation to the singular point in the metric t = 0. The solution tends to become isotropic at the beginning t → 0, and equivalent to the one an ekpyrotic fluid model of FRWL; therefore, the influence of the magnetic field is scarce at the beginning. When t → ∞, the metric tends to the one of a Kasner vacuum LRS, in an analogous manner to what was obtained in one of the two possible solutions of the ekpyrotic fluid model, with the same symmetry, analyzed in another study [3] .
